Historic,  arcliived  document 


Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


tserve 


US  I  TifiD  ST^Tjiij  jKP^AKThOT  0?  AGRICULTUHi 
Agricultural  Research  Administration 
Bureau  of  Plant  Industry,  So lie 
and  Agricultural  iiin^-^ir.eerln^ 


-    i  fc.;;  R  ,A  p  V 
-^iU^i.  HUORQ 

AUG  1  9  1949 


r 


H.  T.  (&  S.  Office  Report  No.  213 


Effect  of  Teruperature  and  Moisture 
or.  the  Snelf  Li f e_  of  Fresh  Produce 

By 


John  C.  Hansen,  Junior  Horticulturist 
L.  ?.  Mcvolloch,  Associate  Patnmlgyiif t 


PfiSLIMll^AaY 

Report  of  a  study  a^ade  under  the 
Rescaron  and  Marketing  Act  of  19^6 
Project  No.  52 


Division  of  Fruit  and  Vegetable  Orope  and  Dieeaees 


^'Uly  28,  I9U5 
Beltsy  11 le,  Karyland 


£f f ect  of  Temperature  a 3^cL_ Mo ija t u 
on_the_Sr.elf_  Li  f_«  p/  _Fr_e_8h  ^rod-ice  ly' 


la t redact  ion 


The  purpose  of  tnis  work  was  to  determine  tx.e  ahelf  life  of  certain 
itecB  of  produce  under  different  conditions  of  tem^/erature  and  aioipture. 
The  co-nr.odi  tieB  tested  were  those  in  which  there  is  a  difference  of 
opinion  re^flrdinis:  the  effect  of  moisture  and  temperature  on  keeping: 
Guali  ty , 

Uniform  produce  was  neld  on:  an  ice  bed  rack,  a  dry  rack  with  an 
ice  ^?arnish,  a  dry  rack  where  moisture  wae  added  by  spririkling  and  with 
night  storage  at  UooJ.  and  a  relative  hai;idity  of  about  80  percent,  and 
a  dry  reck  with  no  moisture  added  and  no  cool  storage  provided. 

The  cocm^odities  t*=6ted  to  date  are:  snap  beane,  lir.a  beans,  beetr, 
cucumterF,   eggplant,  spring  onions,  peas,  peppere,  radishes,  and  yellow 
sum:;:er  pquash.     JFour  separate  tests  were  3iade  with  most  of  the  coroinodit ies 
listed  above.     Tne  quantity  of  produce  displeyed  on  the  racks  was  siniiler 
to  that  displayed  by  merchants  with  a  small  to  median  volusie  of  business^ 
Conclusions  drawn  fron:  tnese  preliminary  studies,   therefore,  do  net 
necessarily  apply  to  large  scale  handling  and  displaying  of  fresh  produce. 

Squipment  Used 

■Display  Sacks: 

1.  A  5-foot  cocimerclal  (Bohn)  sloping  ice  bed  rack  with  a  mirror  back. 

2.  A  section  of  a  horizontal  tray  8  feet  long  and  3  f^^t  wide  for  the 
garnished  display. 

A  section  of  a  horizontal  tray  8  feet  long  and  3  ^'eet  wide  fcr  the 
sprinkled  display. 

^.     A  horizontal  table  5  feet  long  and  3  feet  wide  for  the  dry  rack 
display. 

Temperature  and  Humidity  ^slquipment 

The  commodity  temperature  and  certain  other  temperature  readings  in 
the  display  cases  were  made  with  fruit  thermometers.     Temperature  and 
relative  hucddity  readings  were  taken  twice  daily  wi th  a  psychroaeter  in 
tne  display  room.     Continuous  temperature  and  humidity  records  were  re- 
corded by  hygro thermograph 8  in  the  display  room  and  in  the  night  storage 
room. 


1/    Heport  of  a  study  made  under  the  Research  and  ^larketing  Act  of  19^'^, 
Project  No.  ^2. 
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Methods  and  Proceduree 


All  conmodities  were  purchased  at  the  locel  wholesale  market.  The 
"best  quality  produce  available  on  the  market  was  purchased,  however* 
moct  of  it  was  of  only  ^ood  or  fair  quality.     An  atteaqjt  was  made  to 
unify  or  conpoeite  the  produce  so  that  it  would  be  cosipsrable  on  all 
display  racks.     Summer  squash,  cucumbers,  and  bell  peppers  were  class- 
ified accordin/^  to  maturity,  soundness,  and  mechanical  injury-  These 
categories  then  were  divided  equ^illy  among  the  displays.     Unification  of 
commodities  such  as  snap  beans,  lima  beans,  and  peas  included  the  reasoval 
of  debris,  decay  and  a  thorough  mixing  of  the  entire  test  lot. 

Following  ^radin^,  the  cocimodities  for  each  display  were  washed  and 
then  weired.     All  commodities  were  at  room  tengperature  when  placed  on  the 
display  racks. 

All  display  racks  were  operated  as  uniformly  as  possible. 

An  ice  bed  rack  was  maintained  vith  a  3  incn  snow  ice  bed  through- 
out the  tests.     isiacn  day  a  garnish  of  snow  ice  was  spread  over  the  top 
of  the  produce  to  a  depth  of  about  1  inch  immediately  sfter  the  display 
was  rebuilt.     At  noon  a  1/2  inch  ice  garnish  was  used  while  in  the 
evening  l-l/?  to  2  inches  were  used.     The  rack  was  covered  overnight 
with  a  heavy  canvas. 

The  display  rack,  with  no  ice  beneath  the  produce  but  with  snow  ice 
Spread  over  the  top  as  a  garnish,  is  referred  to  in  this  report  as  a 
garnished  display  rack.    A  1  inch  garnish  of  ice  wss  spread  over  the  top 
of  the  produce  eacn  morning  after  the  display  was  rebuilt  and  again  at 
noon.     In  the  evening  a  heavier  garnish  of  about  2  inches  of  ice  was 
osed,  and  the  rack  was  covered  overnignt  with  2  thicknesses  of  heavy 
paper. 

The  dry  rack  display,  sprinkled  witn  water  during  the  day  and 
stored  at  Uo at  nignt,  is  referred  to  in  tr.is  report  as  a  sprinkled 
display  racko     Irtiring  the  day  the  produce  was  sprinkled  with  tap  water 
at  intervals  of  about  1-1/2  hours.     In  the  evening  this  produce  was 
placed  in  containere, covered  vl  tn  heavy  paper,  and  stored  overnignt 
at  Uo®r.  and  approximately  88  percent  relative  humidity. 

The  dry  rack  received  no  sprinkling  or  night  storage  and  was 
rearranged  each  day  following  weighing  and  trirjiiing. 

£ach  morning  t|ie  temperatures  were  recorded  before  the  racks  were 
disturbed.  The  produce  was  tnen  weighed  end  weight  changes  and  spoil- 
age recorded.  Loeses  due  to  trimming,  withering,  aging,  or  decay  were 
considered  as  spoilage.  After  removal  of  tne  spoilr^e  the  remaining 
produce  was  graded  on  a  numerical  basis  from  1  to  ?  as  follows  and  re- 
turned to  tne  display-'  rack:  1  -  excellent,  ?  -  excellent  to  g'lod,  3  ~ 
good,  ^  -  good  to  fair,  ^  -  fair,  b  -  fair  to  poor,  7  -  poor,  S  -  poor 
to  unsalable,  and  9  "  completely  unsalable. 
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BiSULTS 


Temperature  and  Hiur.idlty 

Display  Room 

The  room  temperature,  display  rack  temperature  and  relative  humidity 
are  snowrs  in  Table  1=     The  room  temperature  was  usually  about  JS^I.  and 
tne  relative  h'omidlty  about  70  percent. 

Ice  Bed  Back 

The  cOEJDodity  temjierature  on  the  ice  bed  rack  varied  between  J)S'^T. 
and  '^l^T.  but  was  usually  around  ^5*'^-     The  air  temperature  immediately 
above  tne  commodities  ranf;ed  from  cO**  to  66*F.  whereas  the  air  temperature 
beneath  the  coiT.moditie8  ranged  from  33*       37*^^     worning  temperatures, 
taken  at  ^ : 15  when  the  produce  was  uncovered,  were  higher  than  afternoon 
temperataree  taken  3  hours  after  the  noon  garnishing.     The  temperatures 
on  the  ice  bed  rack  were  lov  enough  to  hold  spoilage  to  a  minimum  in 
moat  commodities  for      days.     There  was  sufficient  moisture  to  maintain 
or  to  gain  weight. 

Oarni  shed  Rack 

The  commodity  temperature  on  the  garnished  rack  was  usually  about 
58«F.     The  air  temperature  above  the  commodities  was  about  67*Jf'.  which 
was  only  slightly  warmer  than  th^t  of  tne  ice  bed  rack.     The  air  temper- 
ature beneath  the  commoaity  stayed  around  31 which  is  only  6*  cooler 
than  tne  warmest  position  on  the  ice  bed  rack.     Morning  temperatures 
taken  at  S = 15  were  higher  than  afternoon  temperatures  taken  3  hours  after 
the  commodities  were  garnished  with  ice.     The  temperatur^^e  on  the  garnished 
rack  were  low  enoUt"^  to  cneck  some'^nat  t.he  development  of  spoilage  but  did 
not  maintain  condition  as  well  as  did  the  ice  led  rack.     Moisture  con- 
ditions were  such  tnat  most  commodities  either  maintained  or  gained 
weight . 

>>prinkled  Rack 

Only  the  commodity  temperature  wee  taken  on  the  sprinkled  rack. 
This  temperature  was  about  U^j        wnen  removed  from  storage  in  the  morning 
but  rose  to  around  7}^^-   in  the  afternoon-     The  low  night  temperature 
slowed  the  development  of  spoilage  but  not  as  CBJch  as  that  of  the  ice 
bed  and  garnished  racks.     .Moisture  conditions  were  such  that  most 
commodities  gained  or  at  least  lost  very  little  weignt. 

Dry  Rack 

All  the  temperatures  ta'<en  on  the  dry  rack  were  very  clo«;e  to  the 
room  temperat'ire.     Although  the  display  was  dry,  there  was  excessive 
decay  in  many  coT»moditie3  along  with  severe  withering  and  loss  in  weight. 
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Ck>mmodity 

Green  Beans 


Green  pod  type  "beans,  locally  ^;rown,  and  Bountiful  type,  grown  in 
New  Jersey,  were  used  in  the  tests.     The  beans  were  fresh  and  in  good 
condition  when  purchased  except  for  occasional  Ant hrac nose  lesions  in 
one  lot  and  bacterial  blight  lesions  in  another.     The  worst  of  the 
diseased  pods  wpre  ported  out  in  preparing  the  beans  for  display.  No 
additional  lossep  resulted  froK  these  diseasep  during  the  U  day  display, 
i'igures  1,  ?,  and  3  show  the  results  of  U  days  on  the  ^  types  of  display 
racks. 

Ice  Bed  Back.   —  The  beans  on  the  Ice  bed  rack  absorbed  moisture 
resulting  in  an  increase  in  weignt  of  2  percent.     They  iinproved  in 
crispness  and  remained  in  good  condition  with  no  losses  during  tne  U 
day  display  },eriod. 

Garnished  Rack.   —  The  beans  garnished  with  ice  gained  ^  percent 
in  wei^rrht  due  to  water  absorption.     They  improved  in  cri  spnees^  but  did 
not  rriaintain  the  condition  found  on  the  ice  bed.     Spoilage  due  to 
Pythiuj2  rot  caused  a  loss  of  C.  25  percent  by  the  third  day,  ncwever,  this 
loss  was  offset  by  the  gain  in  weight. 

'Sprinkled  Rack.   —  Beans  sprinkled  with  water  daring  the  day  and 
stored  at  ^O*^'.   at  night  reiaained  in  good  condition  tnrouc:hout  the  ^4 
day  di  splay  period.     The  beans  gained  J.  percent  in  weig.*".t  -iue  to  absorp- 
tion of  water,  and  tnere  was  no  decay. 

Dry  Rack.   - -=  Beans  displayed  on  the  dry  rack  without  day  care  or 
night  storage  remained  in  good  condition  for  only  1  day.     They  were  In 
good  to  fair  condition  after  2  days  and  were  poor  to  unsalable*  on  the 
fourth  day      ^oilage  during  the  ^  day  period  ainounted  to  22  percent 
and  weight  loss  was  l6  percent  making  a  total  loss  of  3^  percent  of  the 
original  weight. 

All  Racks.   —  Physiological  russeting  did  not  occur  on  any  of  the 
display  racks. 

Of  the  ^  types  of  display  racks,  the  ice  bed  kept  tap  beans 
fresner,  greener  and  crisper. 
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Co.Tiparison  of  ^reen  beans 
on  ^  types  *  of  display 
racks  durine;  a  ^  iay  period 
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Figure  2=     The  daily 
condition  of  the  pods. 
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Figure  3=     ^^e  daily  percentage 
of  accumulated  loss  or  gain  in 
weight  due  to  loss  or  ^;ain  of 
moietare. 
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Llmja_  Bpans 

Llr^a  "beans  grown  locally'  and  in  Hew  Jersey  were  used  in  these  tests 
ihe  "beane  frofr.  New  Jerse:'  had  aany  reddish  "brown  ^j^cX^  on  the  pods  bat 
generally  were  in  i^ood  conditijn.     Figures  U,  5.  and  6  show  the  results 
on  tne  ^  types  of  display  racks  for  U  dnye. 

Ice  -bed  Rack.   —   The  "beans  on  the  ic^  "bed  rack  gained  al.noet  2  per- 
cent in  weight  due  to  the  absorption  of  moisture.     They  improved  in 
cri^pnesr?  and  rei^ained  in  ^ood  condition  3  days  and  were  in  rood  to  fair 
condition  the  fourth  day      The  1  percent  spoilage  was  yellowing  of  the 
pods.     There  was  no  decav. 

Garni  pned  Rack.   —  Liaia  beens  garnished  with  ice  gained  5  percent 
in  wei<<ht  in  I  days.     iipollage  da<»  to  Pj-thiuiE  decay  and  agin^  was  2 
^er:ent.     This  loss  was  m^re  tnan  offset  by  the  5  percent  ^ain  in  weigr.t 
The  beans  were  in  f^ood  condition  Z  days  and  fair  condition  the  foirth 

day. 

Sprinkled  Rac'-:..  —   The  beans  on  the  sprinkled  rack  reinained  in 
good  condition  ?  days  and  were  in  fair  condition  on  the  fourth  day. 
Spoilage  du«>  to  pN't hiua  decay  and  agin^  caused  a  5  percent  loss  by  tne 
third  and  fourth  days.     There  was  a  3  percent  gain  in  wei,?ht  whicn  did 
not  completely  offset  the  spoilage  loss  but  did  reduce  the  total  loss 
to  only  ?  percent        the  original  weight. 

Dry  Rack     —  Lijia  beans  displayed  on  the  dry  rf-.ck  re:nained  ia  good 
condition  only  1  day      Iney  were  in  poor  condition  on  tne  fourth  day. 
J>poilage  due  to  Pytniup  decay,  bacterial  decay,  and  aging  was  3^  percent 
durin*'  the  ^  day  period,     ""'eight  Ion?  amounted  to  1  percent  giving  a 
total  loEP  of  33  percent, 

All  JUckjg.   —   The  reddi  sn-brown  spelling  Increased  uniformly  on 
the  -  different  tyyes  of  display  racks) 

The  ice  bed  rack  kept  the  beans  fresuer  and  crJ "yer  tnan  did 
the  other  types  of  racks. 
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Comparison  of  Lima  beans 
on  U  types  *  of  display 
racks  during  a  U  day 
periodo 
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Figure  6-     The  daily  percentage 
of  accumulated  loss  or  gain  from 
the  original  weight  due  to  loss 
or  gain  of  moistur^c 


Beet?  /E;rov.-n  on  !ne  i-astern  Snore  of  4»iaryland  ani  in  lx>w  York  were 
used  In  tne  test!<.     Ii.e  roots  w^rs  in  ^ocd  tur^-ii  condition,  "but  the 
tOw8  were  l:ruiFed  and  sli^-rtly  discolored.     PifT.ires  7,   S,  and  9  show 
the  reeilte  daring  ^  days  on  the  k  t7^..es  of  display  rack?. 

I^ce  Bed_Rack.         Ihe  tops  of  the  beets  re;iaiaed  in  prood  condition 
on"!/  1  day  on  tne  ioe  bed,  while  tae  roots  rej^flined  in  good  condition 
tr.ro'a^.out   tne      day  ^-eri^d.     l>irln,t.';  tnip  tine  tuere  was  a  ^ain  in 
wei^'ht  of  nparly      percent  d^e  tD  water  absorption.     There  wr-s  some 
a^inp  and  bccterial  decay  in  t.-.e  topn  after  the  first  day  tu.t  it  was 
not  ac  extensive  as  on  the  other  types  of  rack«. 

Garni  shed  HacK.        Ti.e  beet  tops  garnished  with  ice  were  in  a 
piood  to  fair  concision  after  1  day      There  was  go.ae.  bacterial  decay  in 
the  tops  on  the  fourtn  day,  but  the  toi-s  were  in  a  fair  condition.  The 
roots  regained  tar^id  and  no  spoilage  occurred  during  the  U  day  period. 
The  increase  in  wei^nt  was  about  ?  percent  = 

Sprinkled  Recr.    —   Tne  beets  on  the  sprinkled  rack  were  in  fcood  to 
fair  condition  the  first  day.     On  tne  second  and  third  days  tho  con- 
dition was  fair  to  poor.     BacteriAi  decay  in  the  tops  on  tne  third  day 
resulted  in  a  "1  percent  loss.     On  tne  f:;urth  day  the  roots  were  turbid 
•snd  sound,  but  tne  tops  were  decayed.     The  b*^et6  gained  3  percent  in 
weif2:ht  which  would  reduce  the  above  loss  to  3^  percent  of  tne  ori^<lnal 
weight , 

I^ry  Rack-         Beets  displayed  on  the  dry  rack  broke  down  rapidly. 
Eaoteriai  decay  advanced  in  the  tops  reducing  their  condition  froiii 
^00'-'  to  fair  by  the  end  of  tne  first  day.     Their  condition  was  poor 
at  the  end  of  2  days.     Although  all  were  not  discarded  until  the  fourth 
day,  the  tops  w^r^  almost  i;o:ui^letel y  decayed  the  third  day.     The  roots 
had  lost  moisture  and  w*>re  shrivelling  by  the  fourth  day.     The  8 
pervert  loss  in  weight  together  with  the  32  percent  spoilage  in  the 
to^.  s  resulted  in  100  percent  loss. 
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Q-gcufliberB 

Cuc'iiDbere  grown  on  the  Easterr^  Shore  of  Maryland  and  In  New  Jersey- 
were  used  in  thp  tecte.     The  cucaabers  varied  somewhat  as  to  matirity 
and  a  few  had  shrivelled  ends,  bit  they  were  in  fairly  ^ood  condition. 
Fibres  10,  11,  end  12  show  the  results  during  the  U  days  on  the  '-^  types 
of  display  racisms. 

Ice  Bed  Rack.  —  The  cucumbera  on  tne  Ice  bed  rscV  .'^bporbed  rrioisture 
resulting  in  a  C  5  percent  increase  in  weight.  The  fairly  good  condition 
was  maintained  with  no  looses  during  the  U  day  display  peri'^d. 

Garnished  Rack.  —    The  cucumber b  garnished  with  ice  gained  2  per- 
cent in  weifi-ht.     They  reiLained  in 'fairly  ^■)od  condition  2  days  and  wore 
in  fair  condition  tne  fourtn  day.     Spoilage  due  to  development  of 
Anthracnose  spots  and  other  types  of  decay  caused  almost  7  percent  loss 
by  the  third  and  fourth  days.     This  loss  wns  partly  offset  by  the  gain 
in  weight. 

Sprinkled  Back>    —     Cucumbers  on  the  sprinkled  rack  were  still  in 
a  fairly  good  condition  after  1  day  and  in  fp.ir  to  poor  condition  by 
the  fourth  day.     They  not  only  failed  to  increase  in  weight  but  lost 
2  percent  of  tneir  original  weight-     Spoilage  due  to  end  shrivelin-, 
Pyt hiuiD  decay,  and  AQthraca.'>se  a;:i0unted  to  3  percent,  giving  a  total 
loss  of  10  percent. 

Dry  Rack.   —   CucimberE  displayed  on  the  dry  rack  remained  in  fairly 
good  condition  only  1  day  and  by  the  fourth  day  were  in  poor  condition. 
Spoilage  on  the  dry  rack  was  more  rapid  than  on  the  other  3  types  of 
racks.     The  «j..oilage  Iorb  of  2.1  percent  was  caused  mostly  by  end 
snriveling,  P^.^hium  decay,  and  Anthracnose.     A  weight  loss  of  5  percent 
gave  a  total  loss  of  2.6  percent  during  the  ^  day  period. 

All  Ftacks.   —   Pitting  occurred  on  all  the  display  racks  by  the 
fourth  day      Most  of  the  spoilage  occurred  on  the  snialler,  more 
i  ii.Tiet  ure  fruit. 
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Eggplant  ^rowr.  on  the  Saetern  Shore  of  Maryland  were  used  1q  the 
tests.     They  were  fresh,  of  good  quality,  and  no  spoilage  occurred 
under  any  of  tne  display  treatment e.     No  cold  injury  was  evident  after 
^  days  ref rif erat  ion  with  ice  or  ni^ht  stira^'e  at  ^"F,     'weight  changes 
were  very  eli^nt  on  all  h  of  the  display  racks. 

Grreen  Onions 

jreen  onions  ^rown  in  }Iew  York:  vere  used  in  tne  tests.     They  were 
in  ^ood  condition  and  free  from  bruising  and  decay.     Figures  1^,   \^  and 
1^  show  the  results  during.:  the  U  days  on  k  types  of  retail  display  racks. 

Ice  Bed  Rack.  The  green  onion«  displayed  on  the  ice  bed  remained 
in  good  condition  U  days  without  any  spoila^^e  and  weighed  the  same  as  at 
tne  start  of  the  teste. 

G-arnished  Rack.  —   Green  onions  garnished  with  snow  ice  remained 
In  good  condition  3  days  and  were  in  fair  condition  tne  fourth  day. 
Although  there  was  Rome  slight  bacterial  decay,  none  were  discarded 
because  of  spoilage.     They  weighed  tne  same  after  U  days  as  at  the 
start  of  the  tests. 


S-prinkled  Hack-   —     Oreen  onions  on  the  sprinkled  rack  renained 
in  good  condition  only  2  days  and  were  in  poor  condition  the  fourth 
day  due  to  bacterial  decay  and  discoloration  of  the  root?.     Ti^ere  wr^s 
no  spoilage,  bat  the  lo?s  in  weight  due  to  tne  loss  of  moisture  re- 
sulted in  a  10  percent  loss  during  tne      day  period. 

Dry  Rack.   —  Tne  onions  displayed  on  tne  dry  rack  were  only  in 
fair  condition  at  the  end  of  1  day.     Tney  w*^re  in  a  poor  to  uaisalable 
condition  the  second  day  and  an  unsalable  condition  tne  third  day. 
Spoilage  due  to  bacterial  decay  and  severe  aging  of  the  tops  was 
76  percent  tne  tnlrd  day,  and  tne  Io^f  in  weight  was  2^  percent 
totaling  100  percent. 

All  Hacks,   —   Spoilage  was  xucn  greater  on  tne  dry  rack  tnan  on 
any  of  tne  otter  display  racks. 
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FeaB 

Pepig  ^rown  in  New  York  and  Colorado  were  ip«d  in  the  test?.  They 
had  lost  so.iie  moisture  but  f,eneTally  were  in  jrooi  conditi:)n.  yi<:::ure8 
1*^,  17,   and  13  show  the  ree.iltp  during  U  d-pys  on  tne  U  tyoes  of  display 
rftckf^ 

Ice  Bed  Rack.    —   PeaB  displayed  on  the  ice  bed  rack  remained  in 
^ood  condition  2  days  and  vers  in  fair  condition  the  fourth  day.  Spoil- 
age due  to  apin^  wp.s  10  .  ercent.     They  gained  5  percent  in  weight  which 
almost  completely  offset  the  spoila^^e  los?. 

Q-arnished  Rack.   —   Tne  peas  garnished  with  ice  w^re  in  good  con- 
dition 2  days  and  in  fair  condition  the  fourth  day.     Spoila^^e  due  to 
a^^lr.g  and  slirht  bacterial  decay  a.nounted  to  9  percent.     This  spoilage 
lose  was  offset  sliit'htly  by  tne  3  percent  jiain  in  v'ei»g:ht. 

Sprinkled  Rack.   —   Peas  on  the  sprinkled  reck  re.nained  in  good 
condition  only  1  day  and  were  in  fair  to  poor  con-iition  on  tho  fourtn 
dev.     Spoilar'e  due  to  a^in^c;  and  bacterial  decay  amounted  to  I3  percent 
during  tne  ^  day  period.     The  peas  gained  3  percent  in  vei^^ht  giving 
a  total  loss  of  1}  percent. 

Dry  F>ack.   —  Peas  displayed  on  the  dry  rack  reirained  in  ^ood 
condition  1  day.     Th*.y  were  poor  to  ui. salable  the  fourth  day  Hnd  had 
Ijst  ^3  percent  in  veisr.ht.     Spj/ila^f  cue  to  bacterial  decay  the  second 
da;-  and  to  severe  witneri..^  ard  agin^   trie  t^ird  anu  fourtn  days  w£.e 
^5  percent.     The  spoilar'e  loss  pi  :8  tne  loss  in  veif.':ht  niiounted  to 
ic  percent . 

±rr ._L'r,-f -i_     "  '---^  garnished  racks  kept  the  ^eas  in  a 

fretne:-,   ciippor  i-:onditian  with  lers  deci:y  t.^ian  the  other  t reataient s . 
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Peppers 

Peppers  grovra  in  Korth  Carclina  wpre  aseu  in  tr.ese  teete.  They 
were  Bbout  10  davs  old,  arc3  altr.cu.f:h  so:;.e  were  slightly  soft  tnd 
yellow  they  were  in  leirly  ^ood  conditior. .     Figures  I3,   ?C,  and  21 
sr.ow  tr.«  reeults  during  ^  days  on  tnr  H  tj.pes  01  diP;lay  rackp. 


Ice  Bed  HacV .    —  I'he  pepperc  on  the  ic-  "^ed  rack  reaained  ii. 
fairly  ^'ood  conditio:;  without  any  spoila^-r  dirin^  the  four  days  They 
i.nproved  in  crispness  «nU  gained  (  .5  percert  in  vei^^hi. 

'Ja  r  r.  i  f<h  e  d  Hack .   —  Peppf^ra  ^jarniahed  wi  tn  ice  reinain^d  ir.  fairly 
good  condition  3  dayp  and  w^re  in  fair  condition  the  fourt.".  day. 
iSpoila^e  due  to  a^'ing  amounted  to  }  percent.     Tnia  loss  wrs  compen- 
sated by  a  3  percent  gain  in  weif^nt. 


Sprinkled  Rf-ck.   —    The  peppere  on  the  sprinkled  rack  reniai ned  in 
fairly  good  condition  }  days  and  wore  in  fair  condition  the  fourt:.  day 
Spoilage  due  to  aging  and  slight  3otry ti p  decay  a£iount?»d  to  6  percent 
which  with  the  3  percent  loss  in  wei^Lr.t  amounted  tj  a  ;  percent  totr^l 

lOGS. 


Dry  Rpck .    —    reppers  displayed  on  the  dry  r^ck  re-r;ained  in  fairly 
good  condition  1  day  »nd  were  in  fair  concitiDn  tr.e  f3J.rtn  day.  Spoil 
age  due  to  aging  anounted  t3  ^'J  percent,     Tne  Iofs  .  .     ei^^ht  was 
^  percent  giving  a  total  loss  of  3  percent. 


All  RacKg.   ~   Tne  ice  ted  rack  and  the  garni  sned  raCA-  kept  tne 
peppere  cris^or  than  did  the  Dtner  treatiTient f . 
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Had i  shoe 

Radlshefi  grovn  in  New  York  were  used  In  the  tests.     The  toos  were 
"braisad,  slie:;htly  dif colored,  and  only  in  fair  condition  while  the  roots 
were  in  ^ood  t'lreii  conditi-)n.     Figures  2?,  2^,  end  2^  show  the  results 
during^  days  on  the  ^  ty})eP  of  display  rackg. 

Ice  Bed  Rac^.   —   The  r  dish  tops  renc-in'^d  in  fair  condition  only 
2  days  and  were  in  an  unsfllalle  condition  the  fourth  day.     The  roots  were 
in  ^ood  condition  thro^u^h  tne  fourth  day.     Lobp  in  wei^nt  amounted  to 
5  percent.     Spoilage  due  to  bacterial  decay  was  55  percent  the  third 
and  fourth  days  giving-  a  total  loss  of  100  percent. 

varnished  RacV:.   —     The  radish  tops  garnished  with  ioe  stayed  in 
frlr  cor.c'ition  only  1  day  and  were  unsaLille  the  fourth  day  althoU(?h  the 
roots  were  still  in  good  condition.     3poilaf:e  due  to  bacterial  decay 
of  the  tops  was  95  per-^ent  and  tne  los?  in  weight  w.-^s  5  percent  giving 
a  totcil  loss  of  100  percent  in  U  days. 

Sprinkled  Eack.   —     The  radish  tops  on  the  sprinkled  rack  remained 
in  fair  condition  only  1  day  and  were  unsalable  the  fourth  day  althougn 
the  roots  were  in  good  condition.     Bacterial  decay  spoiled  50  percent 
of  the  tops  and  the  10  percent  los?  in  weigiit  luade  the  entire  display  a 
total  loss. 

Dry;_R£,cW.    —    The  tops  of  radisnes  displayed  on  the  dry  rack  were 
in  fair  to  poor  condition  after  1  day.     All  were  unsalable  tne  tnird 
day  but  the  roots  were  still  in  good  condition.     Spoila^'.e  due  to 
bacteria"'  decay  of  the  tops  amounted  to  Sk  percent,  while  weit^ht  loss 
amounted  to  Id  percent  giving  a  total  loss  of  100  percent  in  J  dijys. 
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Squash 

3traie:ht  neck  yellow  Bummer  squasn  ^rown  locally  and  in  New  Jersey 
were  used  in  the  tests.     They  were  in  ^-ood  condition  except  tr.flt  soEe 
v-Te  client  ly  soft  at  the  fclospom  end.     Much  of  the  f rii  t  was  email  and 
somewhat  i;:iii<ature .     xi^ures  25 #  26,  and  27  snov  the  resilts  during 
days  on  ^  t;/peB  of  retail  display  racks. 

Ice  Bed  Hack.   —     The  squasn  on  the  ice  bed  rack  remained  in 
^ood  con it  ion  U  days.     Loss  in  wei^-^.t  due  t  5  Iops  of  moist  ire  w  o 

1  percent,  and  there  was  n3  spollaf e. 

(rami  shed  Rack>    —    Sq  iasn  garnished  witn  ice  remained  in  good 
condition  h  days.     :>;.oilage  due  to  Ghoanophjra  friit  ret  a:ao'irt.ed  to 

2  percent  and  wei^rht  ^^ained  wsf  2  percent,  zia^ ir^^  tre  weij;ht  ,qfter  ^ 
days  on  display  the  6arr'=>  as  the  ori^ir^al  wei 

Sprinkled  Rack.     -     Sqiash  displayed  on  the  sprinkled  rack  reiaained 
in  good  C'lndition  3  days  and  were  in  good  to  fair  condition  the  ■fourth 
i^cx.     Spoilage  ci«»  to  Cb-oan aphora  frait  rot  w^iS  1  percent  and  the  loss  in 
weight  arLcunted  to  2  percent.     The  total  lt>ss  for  the  k  day  period  was 

3  percent. 

Dry  RaCf'    --    Squash  oa  the  dry  r^ck  reciained  in  good  condition 
only  1  day-     Cnoano minora  frait  rot  caused  ^2  percent  spoilage  in  U 
da  ye.     Weight  1o?p  was  9  percent  "bringing  the  total  loss  to  51  P^r - 


All  RacJis.         The  dry  rack  without  arv  da."   care  or  night  storage 
was  tne  only  one  of  tne  four  t  .-^.^es  of  racks  vh^^re  serious  losses  occ^orre*? 
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The  cominodlt  i  es  ^lein  on  tne  ice  bed  rack  were  generally  in  ^cood 
coriiitioii  iDHrer  tnan  they  were  on  tne  other  t:r^ea  of  dl spiny  racks. 
This  was  due  to  the  temj'Crat  ire  and  raolstire  provided  by  the  ice.  The 
low  teniperatare  neld  diseases  to  a  minlaiur.,  and  tne  laoietare  kept  the 
produce  in  a  relatively  tar^id  condition.     None  of  the  produce  appeared 
to  be  injured  by  bein^  held  on  ice  and  moet  of  it  appeared  greatly 
benefited. 

The  rack  garnished  witn  i:;e  maintained  lower  temperatures  diring 
the  day,  but  as  the  ice  aelted  tnf»  temperature  rose  enough  at  nit-ht  to 
allow  tne  develop-Tient  of  disease  somewh^-.t  inore  than  on  the  ice  bed  rack. 
The  supply  of  moisture  usually  resulted  in  the  commodity  gaining?,  wei^-n:. 

The  commodities  h«ld  on  tne  fprinkled  rack  during  the  day  and  at 
kc" f.   a*  Di,'-ht  were  in  good  C-ndition  longer  than  those  on  the  dry 
racl .     The  aoistare  was  readily  absorbed  and  most  produce  gained  in 
weight.     The  warmer  temperature  during  the  ci^^y  favored  more  rapid 
development  of  disepise  and  advanced  tne  agin^  in  many  coniiiOdi 1 1  ee. 

The  comodities  held  on  tne  dry  rack  remained  in  good  condition 
only  a  relatively  snort  time.     The  high  temperatire  incressed  decay 
while  the  lack  of  moisture  caused  severe  withering  and  aging. 

Commodities  such  ?s  radishes,  green  onion?,  beets,  beans,  and  peas 
appeared  to  be  benefited  itucn  more  by  the  cool  moist  conditions  th;^- 
were  eggplant,   cucumbers,  and  squash  during  the  ^  day  holding  per 
i^gplant ,  however,  was  the  only  com. nodi ty  tested  tnat  remained  aboat  the 
sane  on  all  four  t.vfies  of  display  racks. 
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